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' Two glasses from the Bosumtwi crater in Ghana Wthh we collected during

an excursion had beeq dated by potassium argon measurements. T he glass
from the Buonim river shows an age of 1,220,1 x1 06y, which may be
slightly'lpwered because of diffusion loss., The glass from fhe valley of thé'
Ata river shows an age 'of 1.4%0,2 % IQGy. It possibly is somewhat increa-
sed by inherited argon, The average value for the age of the crater there-
fore is 1,3%20.3 x ‘l.osy, This .value"ls in‘goo'd agreement with the potassfum
argon age of the lvory Coast tektites (1.3%0.2 x IOGy._ Zahringer 1962).
By these experiments tHe common origin of Bosumtwi_Acr"ater‘ and thé lvo.ry

Coast tektites has been experimentally founded for the first time.

The chemical rﬁajor‘ and minor constituents of these two glasses and a tek—A
tite speéimen'fr‘om the l§/or~y Coast have been deter‘,mi_n'ed by X-ray-fluor‘es;
cence technique and compared among each other. They yiélded consider -
able chemical similarities,above all fc;r the minor elements, abundances of

which are much more characteristic than those of the major constituents,

The K/Zr, Rb/Zr, Ni/Fe -and Cr/Ni rétios ‘are also similar for these’

‘three samples and are lmportant arguments in the discussion on the origin

ol lvory Coast tektites, .
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The origin of these glasses seems to be the same as describad in an ear-
lier paper about the glasses of the Nérdlinger Ries and the Moldavites. In

both cases a meteorite impact could be the source 6( these glasses.
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In the West-African state of Ghana; an almost circular crater
the Bosgmtwi Crater, Qith a diameter of 13 kilometers, containing a lake,
1ieg about 300 kilometers inland. The origin of fhis formation has posed
a puzzle for geologists similar to that of the N¥rdlinger Ries in Southern
Germany. Tectonic subsidence, volcanic erruption and the'impact of a giant
.meteorite have beén considefed as possible mechanisms of its origin. AnA
iﬁdication for the last hypothesis are "arenaceous manifestations and
compression sutures".(Rohleder 1936) and the occurrence of "coesite" in _
. pumiceous glass formation (Lit£ler et al 1961).'A1thogh tﬂe Bosumtwi
Crater lies in very old pre-Cambrian (more than 1.7 x 109 years) rock,
the well-preserved form of the Crater, possibie glacial-age terfacé.
formations, deposits of'foséil fishés,.-and its'isolated location in
relation to the general flu&ial systeﬁ'of the country indicat% that the
Crater origiﬁated during the early tertiary'and perhaps even pleistocene
era. - | | |
Tuff and breccia aslconseéuences of the crater formation contain glassy
pumiceous components which can be dated with the potassium-argon method.
Two known places of such finds aré in the valleys of the Ata and éf tﬁe‘

Buonim River. The Geological Survey of Ghana made available to us a piece
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of "suevite" fcom Ata from its collection. We isolafed from this 500 mg.
. . I

of green glass and obtainedvits age as not over or less thanAS.S X lO6
years. More exact.determination.was not possible because no further materiall
was available for control. An overestimation of this age through hidden |
contamlnatlon of the glasS'by the very old surroundlng rock and by the
content of the gas bubbles in this glass could not be deflnltely excluded.

We were successful in redlscoverlng, together with Professor Th.
Monod (Dakar) and A.F.I. Smith (Legon) the original locations of these
finds and to obtain specimens.'The first specimen comsisted of a larg=
block of a grey rock shown to be glassy'lying in the water of the Buonim
River. The second specimeh was from a breccial rock out cropping in the
Ata River'bed, with small glassy inclusions with millimeter to centimeter
' dimensions. Professor Frechen (Bonn) examined polishedlsections of these
rocks. The Buonim spec1men is a porous, colorless to grey-brown glass
which is probably sllghtly metamorphlzed. ‘The plgmentatlon may have besen
caused by minute secondary\limonite formation. A finely distributed argi-
llaceous deposit on the pore walls is responsible for.the‘slight greenish
colo;ation of the glass. Feldspat is occasiomally and quartz frequently
included. The Ata spec‘men cepresents well—preserved glass of'greenish
color, contains buboles and is in part foamy. The parentAbreccla contains
.many rock}fragments of higb age including phyllite and mica schist Qith
much biotite, muscovite, quartz and lime epidote.

The Buonim specimeu basically was a homogeneous glass; It was crushed

by us from which we screened three fractiohs and -these were dated separately

in order to exclude the possible’Conteﬁt of bubbles as source of error.However,
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the Ata speciﬁen had a large size spectrum since the glass grains were
.easily déstroyed during rem;val from the parent rock. We écfeened out
tﬁree fractions also for this. Those with the largest grains (of millimeter
- dimensions) were then sorted out under the microscope in order to prevenf
any contamihation by adﬁe&iné bid rock. From ‘the ;hus selected glass, we
sorted out the dark glass splinters with few bubbles and the light ones .
containing many bubbles. The dark glaés has a higﬁer specific weight than |
the light glass which is probably due to the bubblés.

The two concentrates were dafed separately, i.e. in the original
grain classification of i'to 3 mm; in grains 0.2. mm. in dimension aﬁd
' as powdsr (50 to 70 micron). Nearly all bubbles had been broken open in
this éowder. The potassium content was determined-by flame—éhotomatry.
We bése the indications of ages on the constants for potaésiﬁm decay lambda=
5.32 x 10 2% al’and lambda / lambda . . = 0.123. The findings are listed |
in the attéched table 1. The ages indicated aré mean'values of not less
'than two measuremsnts in each case. -

The three grain si;és of thes Buonim specimen resulted in almost the
same age of 1.2 +/ -0.1 x 106 years. However, the Ata speéimens produced a

g

differept age for each grain classification. The greatest age resulted from °

the non-crushed grgins of millimeter dimensions, i.e. 2.7 x'l(.)6 years for -

‘the light and 2.2 X lO6 years for the dark glass. The ﬁadium grain classification
indicated an.age of 1.7 adh/or 1.5 x 10° years. The powder had an agélof'
1.7'and/or l.4 x 106 ygaré. The explanation of this apparent trend of age

with grain classification stems from the bubbles. We crushed one specimen

each under vacuum in order to analyze the bubble content and fouhd an
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argon content of the bubbles for. the Ata specimens of over 1 x 10—6cm3/g
with a small amount of excess argon4o(2 to 3 %). The high salues of tbe
large grains centaining bubbles thus become understandable. The medium
grain classification.contains only few bubbles and consequebtly.less
atmospheric argon and tberefebe indicates aileSser age. The measured
atmospheric argon content of the powder is again higher because the
adsorbing surface becomes larger through bulverization.‘The potassium=-
argon age of the‘bowder is probably closest to the true age. There remains
the questionvwby the value for the light is 20 % higher than for the dark
glass. It is p0581b1e that originally included argon still exists in the
light glass where the many bubbles indicate less advanced degassing. Slnce
a slight increase may exist for this reason also in the‘dark glass, we
assume the value of 1.4 x.106 years as uppeb limit and the age of the
Ata specimens as less or equal to 1l.4-x lOsyears. The dating of the Ata
glass given to us by the Geelogic Survey of Ghana probably resulted as
too high due to the bubbles and contamination with extraneous rock.
The'potassium—argob age of the Buonim specimen is probably too
low. We concluded this from microscopically recognizable changes and
from a diffusion experiment made Qith this giass. At‘room.temperatu:e,

' diffusion constants of 10-18 to 10-19 cm2/sec and an activation energy

'

of only 22 kcal/mol resulted. Consequently, diffusion losses since

formation of the glass must be taken into consideration. We can therefore

only say that the age of the Buonim glass is greater or equal to 1.2x106 '

years. N

However, the Ata and Buonim glasses both originated simultaneously
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during the formation of tﬁe Crater. We fherefore ipdicate with thésé
'two ageé iimits of the interval of time within.which the Bosﬁmt&i Crater
was forﬁed. In consideratién of the experimental erfor, this interval
amouﬁts to 1. 1 to 1.6:3 106.years. If we gave the same weight to the
dating of the powdered lighthta glass,'the interval would increase
to 1.7 x 106 years. By taking into account all these possibilities of
error, the Bosumtwi Crater has an age of 1.3+/-0.3 x 106 years. From
recent‘concepts of the early Tertiary time scale, the time found indiqates
the middle to lower Pleistocene aﬁd aérées with the'geoiogical findihgs.A

The potassium-argon age of the Ivory-Coast tektites as indicated
by Z8hringer (1962) amounts to‘l.é +/-0.2 x 106_years. Within the limits ‘
of error, the ﬁektites of tﬁe Ivory Coast and of the Bosumtwi Cratef
consequeﬁtly have the same age. A causal connaction between these‘tektites
and the crater, have the same age. A causal connection between these
: tektites and the crater, interpreted already in 1931 as_meteqnite crater
. by v Maclaren and desigagated-aé origin of the Ivory—Coast tektiteé by
Cohen (1961), is therefore possible and has found an experimental confir-
mation for the first time by oﬁp measureméntes.

Due to the dissimilarity of age, we thought -it important to
compare the éhemical composition of the Ata and Buonim giasses with that
of an Ivory-Coast tektite from Oulle (No.107 of our own collection) with
particular consideraﬁion of the trace‘eleﬁents. The analysé; were carried
" out with the'roentéen—fluorescence method. |

~

The chemical composition of a bubble-containing and of a black
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giass ffom tﬁe Bosumtwi Lake was détermined for the first time in 193? -
Sy H. and w..a. Bennett. dur analjses showed that tﬁe main combonents
of the Ata and Buonim glasses arefsimilar to that of the bubble;containing
.glass (1937) and ﬁinor variations were interpfeted.by us‘as.variations>
due to the respective Idgaéion oflthe finds. |

The analyéis of our ivory—Coast specimen corresponds approximately
to the mean value of the three IQory—Coast fekfites examined by Raoulﬁ
(1934) .The Ata'ngSS'and our tektite are very similar in their main
components with the excéption‘of calcium and sodium which are about
'£wice as high in the Bosumtwi glass. However, the Buonim glass differs
greatly in.caiéium and manganese contents which afe appreciably lowér
in relation to the Ata gIQSS<andithe tektite. In regard to the principal.
chémigal components of the Bosumtwi‘glasses andvthe Ivéfy—Coast tektites,
there exists therefore.according to our finqings an éxtensiVe concordanée
as shown also by the éomparison made on_the basis.of earlier analyses
by A. Cohen (1961).

Since the tektite; are not characteristically different in- the
p:iécipal'components and the investigation of the trace elements pérﬁits
much more detailed ;tatements on the chemistry during their éreétion,
we liét in the attached table 2 the vaiues‘from analysis of the trace
elements.

It is notable in these findings, ﬁhat the absolute contents of

. chromium, nickel, copper, strontium and zirconium in the Bosumtwi glasses

are strikingly similar and, with the exception of zirconium, are relatively

"high in relation to e.g. australites and bediasites. The nickel contents

found are also appreciably higher (by a factor of approximately 5) in
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relation to moldavite and Riés glasses.
| ‘Ratios of various elements ére shown in the lower part of table 2
which are intended to illustrate the sepgpation of individuél elements
during the origin of the glasses. The potassium/zircoﬁium ratio for
Ata glass'and the tektgées is‘pracfically the séme. It is appreciébly"
' higher than for the Bubnim glasé. Possible reasons for this will be
indicated in the discus‘sj_.on of the rubidium/zirconium ratios.
Schilller and Ottemann (1963) found the rubidium/zirconium ratio
to be a scale of classificétion for volcanic glasses, impact
glasses and tektites by analysing 56 apecimens fof.rubidium and zirconium.
The rubidium/zirconium ratio for acid volcanic glasses according to this
lieé between 2;8 and 0.8, for moldavites and Ries giasses betweén
0.8 and 0.45, for the Indo-Australian tektités between 0.45 and 0.25,

and for the bediasites impact glasses and basic volcanic glasses

" below 0.25.

Table 2 shows thgt the rubidium/zirconium ratio détermiped by us
amounts to 0.45 for Ata glass, 0.8l for Buonim glass and 0;39 for the
tektite..The values for Ata glass and the tektites closely approach
and are among the upper range of the limits fof Indo~Australian
tektites indicated by Schiiller and Ottemann (1963). Both ratios are |
appreciably lower than the' values for‘acid volcanic glasses. The values
for the Buonim glass with 0.81 ;lso lies lower than the latter but
is appreciably higher than the other two. The reason for this m%ght be
.sought in the different éomposition of the Ata and the Buonim glass.

~

. Since the_Buonim specimen stems from a very large boulder, we assume



that this block wés fused uniformly bgtaitlower temperatures than the
Ata glass which exisﬁs only in small "drops"f At lower'temperatures, the
evaporation of rubidium is less so that we can exﬁect-a higher rybidium
coptent.in the Buonim glassfan? a consequently higher rubidium/zirconium
ratio. h o

Through activation analysis, Ehmann (1960, 1962) determined the nickel
content of a‘nﬁmber of tektitgs and other natural glasées and.mainly B
discussed the ﬁickel/iron ratio. He founa values between 100 and 230
‘.for definite impact glasses such as e.g.Henbury and Aouelloul, ratios.
between 5 and 57 fér tektites and-betweén‘l.l and 1.5 for three obsidian =
'speciﬁens (ali values x 10-4). He indicates a nickel/iron ratio of 22.x 10-'4
for one Ivorthoaét tektite.’Both the value for our.tektite'from this
: iocatiqn (27 x 10_4) as well as the ratios for the Ata (20 x 10-4) and
Buonim (i8 x 10-4) glasses concord rather well with this. Since all.
‘,tektites, with the exception of thqsé froﬁ Indonesia, Cambddia, and Annam,
have nickel-iron ratios between 5 and 10 x 10™%, the ratio of 20 x 107~
for the Ivorf—Coast tektites is very characteristié. That the nickel-iron
ratios from the Ata and Buonim glasses also lie around this value is of
decisive importance for the discussion of the origih of th? Ivory-Coast
tektites; | |

The chromium/nickel ratio shown in table 2 are very similar but lie
lower than those indicated by Taylor (1962) for australite (2.65) and by

Chao (1963) for bediasite (2.77).

Consequently, the findings from trace analysis also confirm a causal

s, ~
>,

connection between Bosumtwi glassés and ivory—Coast tektites which fbund its

e Y A e T M
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first expefimental suppqrt 5§.thé coécordance of potassium-afgon agé
repprted above. | | |
In all these interrelationé’betyeen Boéuthi glasses and Ivory~Coast

tektites, we are apparently,confrontéd by a éimilar casé as described
earlier for the .N&rdlingef Ries and the moidavites'(Gentner ét al, 1962,
' Schﬂlleﬁ et al 1963). Ih botﬁ cases, we can probably consider a similar
extraordinary natural event, probably the impact of a meféorite, as cause.

| A detailed report will be presented elsewhere together with Professor
Th.‘Mondd and A.F.I. Smit to whom we are indebted for the rediscovery df.
thg glasses, and this will be accompanied bf.a detailed geblogical and mi-

nerological description.




- 1l]l -
}

BIBLIOGRAPHY

E.'C.'T. Chao (1963), -Tektiteé, University Chicago Press, 51
A.J. Cohen (1961), J. Geophys. Res. 66, 2521 ' )
W.D. Ehmann (1960), Geochim. et Cosmochim. Acta 19, 149 -
W.D. Ehmann (1962), Geochim. et Cosmochim. Acta 26, 489
»W.‘ Gentner, H.,J. Lippolt und O.A. Schaeffer (1962),
| Geochim, et Cosmochim, Acta 27, 191
W. Gentner und J. Z&hringer (1963), Nature 199, 583
H. Bennett und W.H, Bennett in: N.R, Junner (1937) Gold Coast
Geological Survey Bull 8, 17

"M, Raoult in:' A. Lacroix (1934), Acad.Sci. Paris Comptes Rendué,

‘ 199, 1539 | |
J. Littler, J.J. Fahey, R.S. Dietz und E.C.T. Chao (1961)

‘ Abstracts 74 Ann., Meeting Geol. S;>c. Amer,
M. Maclaren (1931) The Geograph. Journ. 78, 270 '
H.P.T. Rohleder (1936) Centr. Bl. Min. Geol. Palsont., 316
" A. Schiiller und J. Oftemann (1963), Neues Jahrb. Mineral, 100, 1
'S.R.'.Ta‘ylor (1962), Geochim, et Cosmochim. Acta 26, 2, 685
J. Zéhringer,'RadioactIVe Dating, International Atofic Enerigy Agency

| Wien 1962, Seite 289



-12-

CE Sy

-l

“e oix¢g'0 F el

9

uwvmuu. .h_sucamom 30 mm<.l.E

*u3{Tep mus. kumozom su3 uf -

uobze vmvSHouo ».h.mma.nm.nuo Jo coﬂsﬂuﬁcou ._HmEm ® pue wruong o3 w._”n.ﬁmmom ST SSOT UOTSNIFTP ®© .coﬂ.ﬂvvm U °SUOT}PUTWIa33p

unmtssejod vnm uobIe ayy Jo sIoIIS Hmucme..nnmmkm oy3 axe S70770 Sy °SjuwsInsSesw OM3 URY} SSOT 30U WOXF SSNTRA Ueall Sy3=°T

‘

STIEENE ¥AMTL

_ : ‘ 2 F oyl 98‘0 71 729 L0‘0 - s0‘0
JO ISNVOEY SSIOXI SSTT-" ( - ¢ ‘ ; ‘
4 . _ 1Y ¥ ¢4 A 06°0 S 09°2 €0 - 10
L .
STIEENE 0 2t T | 5L ot o¢ L1e s‘o - €£‘0
INZINOD OL ENd IOV nwmﬁmuﬁu..ﬁ rATE Al 4 el 91 99°‘sg € - l
- . 2 F L 60°1 1z | - ez‘s 200 - S0°0
SITEENg NI 4 F 2| st 90°‘1 -2Z | 86'€ €0~ 1%
'NODNY OL dNQ FY omméuﬁ RN T - - L9°1 €1 8‘cl € - !
(HHEH 1 Fz'1 ] ol'e 96'0 €1 A ‘o
i . : ¥ - ¢ [ ¢ [] ) [
QIDIION NIZE IAVH SISSOT Lo retpste) 860 €l ¢9 & vo
t 11 ] e1fe %60 1l ss‘s l
NOISNJAJIA FTEISSOd ON-°9
’ e wo— 9% m\cco ol LA m\Eo ol wiw ‘c_&
, .V. ﬁcwmo:um:_v g (12101) Jv NOII
SYIVHTI~*P . AOV-*D . .

VYNVHO NI ¥IIVY¥D IMIWNSOHd FHI WO¥d SASSYID OMI. NO NOLLVNTWYILIJ 3OV NODYY-HNISSYIOd= T TIavl

—VOIAISVYIO-*q

VA YLv=°U

N

‘IHOIT VIYv="°:

NIWIDIgs—*®



- 13 ~

TABLE 2.- Trace elements in Buonim glass, Ata glass and in anAIvorthoast :

i
i

Element - ‘GlassBuonim | GlassAta | Tektite
| © o pPm - ppm_ ppm
cr S 153 | 164 | 262
. Mn 253 . ' 652 - 541 |
- ;. Ni . - 86 90 130 - 105+
Cu - - | 56 59 82
Rb . 127 73 - 64
Sr ‘ 267 |- 358 316
Zr . 156 164 163
K/Zr S 135 96 82
Rb/Zr .. .o,81 | 0,45 0,39
(Ni/Fe) x 1074 18 20 | 27 22 +
Cr/Ni o 1,78 1,82 . 2,02

tektite. + nickel determination by activation analysis, Ehmannn (1960).
. The relative error due to equipment and method is +/=5 %. In the element
ratios indicated above, influences of the matrix are eliminated so that the

relative error is +/-3 %.
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